FORM riO- I39f US. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 
(REV | M*} ^ 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 


ATTORNEY'S DOCKET NUMBER 

OGOHr077 


US. W. flOwn^ne 37 CFR I S> 

0^131 5 


INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE 

PCT/JP00/05945 31 August 2000 


13 September 1999 


TITLE OF INVENTION DISPLAY DEVICE AND METHOD OF PRODUCING SAME 


APPLICANTS) FOR DO/EO/US Keizaburo KURAMASU; Yutaka NANNO 



4.D 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1. OD This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

3. [x] This express request to begin national examination procedures (35 U.S.C. 371(f) at any time rather than delay 

examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 
A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date. 

A c opy of the International Application as filed (35 U.S.C- 371(c)(2)) 

a. LJ is transmitted herewith freouired onlv if not transmitted bv the International Bureau). 

b. OD has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US), 
& G3 A translation of the Intemation^Applkkion into English (35 U.S.C. 371(cX2)). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 
a. □ are transmitted herewith (required only if not transmitted by the International Bureau), 
have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. Q have not been made and will not be made, 

8. D A translation of the amendments to the claims under PCT Article i 9 (35 U.S.C. 37 1 (c)(3)). 
An oath or declaration of the inventors) (35 U.S.C. 371(c)(4)). 

A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371(c)(5)). 

Items 1 U to 16. below concern documents) or information included: 

An Information Disclosure Statement under 37 CFR 1,97 and 1.98. 



A FIRST oreliminarv amendment 



A change of power of attorney and/or address letter. 
Other items or information: 

- International Application Cover Page; 

- International Search Report; 

- PCT Request 

- Forms IB/301; 304 and 308. 



9. |XJ 
10. □ 



11. 


□ 


12. 


E3 


13. 


□ 




□ 


14. 


□ 


15. 


□ 


16. 


S3 



PLEASE ACCEPT THIS AS 
AUTHORIZATION TO DEBIT 
OR CREDIT FEES TO 
DERACCT. 16-0331 

PARKHURST&WENDEL 



page 1 of 2 



JCD8 Rec'd pgt/ptu n g MAY2 0OT 



VS. APPLICATION 



INTERNATIONAL APPLICATION NO 

» PCT/JPQ0/05945 



ATTORNEY'S DOCKET NUMBER 

OGOH:077 



17. ED The followine fees are submitted: 
BASIC NATIONAL FEE (37 CFR 1.492 (•) (1) - (5) ) : 

Neither international preliminary examination fee (37 CFR 1.482) 
nor international search fee (37 CFR l.445(aX2)) paid to USPTO 
and International Search Report not prepared bv the EPO or JPO $1,000.00 

International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO hut International Search Renort nrenared bv the RPO or JPO $960 ♦ 00 

International preliminary examination fee (37 CFR L482) not paid to USPTO but 
international search fee (37 CFR 1.445(a)(2)) paid to USPTO $760.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

but all claims did not satisfy provisions of PCT Article 33(1M4) $ 690 * 00 

International preliminary examination fee paid to USPTO (37 CFR 1,482) 

and all claims satisfied provisions of PCT Article 33(1M4) $ 100 • 00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS pto use only 



860.00 



Surcharge of $130.00 for furnishing the oath or declaration later than I I 20 Q 30 
months from the earliest claimed priority date (37 CFR 1.492(e)). 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 



38 



.20 



18 



X $18.00 



324.00 



Independent claims 



-3 - 



X$80.00 



480.00 



MULTIPLE DEPENDENT CLA1M(S) (if applicable) 



+ $270.00 



TQTAk OF AflPYE QAWVhATlQm 



$1,664.00 



Reduction of 1/2 for filing by small entity, if applicable. A Small Entity Statement 
must also by filed (Note 37 CFR 1.9, L27, L28). 



SUBTOTAL = 



$1,664.00 



Processing fee of $130.00 for furnishing the English translation later than C]20 01 30 
months from the earliest claimed priority date (37 CFR 1.492(f)). 



TOTAL NATIONAL FEE 



$1,664.00 



Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 



40.00 



TOTAL FEES ENCLOSED « 



$1,704.00 



Amount to be: 



jcharge^ 



0 A check in the amount of $ 1/704.00 t0 ^ w the fces ^ cnclosed< CK # [ ^3 *3 



C.IU 



Please charge my Deposit Account No 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to c] 
overpayment to Deposit Account No. 



. in the amount of $_ 



. to cover the above fees. 



any additional fees which may be required, or credit any 
A duplicate copy of this sheet is enclosed. 




NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has ntft been met, a petition to revive (37 CFR 



1.137(a) or (b)) must be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO 

Roger W. Parkhurst 
PARKHURST & WENDEL, L.L-P. 
1421 Prince St., Ste. 210 
Alexandria, VA 22314-2805 
Tel: (703) 739-0220 

OGOH:077 



SIGNATURE 

Charles A. Wendel 



NAME 



24,453 



REGISTRATION NUMBER 



Form PTO-I39Q (REV 1 1-98) page 2 of 2 



/o^r< 09/83131 5 

37 / P K 1 ^ JCQ8 Rec'd PCT/PTQ Q q m 2QOf 



DISPLAY DEVICE AND METHOD OF PRODUCING SAME 

TECHNICAL FIELD 
The present invention relates to a display device and a method of 
producing the device, more particularly to a structure of the connection 
between an integrated driver circuit section formed on an array substrate 
and bus lines such as a power supply line for supplying electric power to the 
integrated driver circuit section or a data line for supplying data thereto. 



BACKGROUND ART 

BACKGROUND ART - 1 

In a conventional active matrix type liquid crystal display device 
employing amorphous silicon (hereafter referred to as "a-Si") transistors, 
a~Si has been considered sufficient to meet the performance requirements 
for driving the pixels. However, using a _ Si, integrating a signal driver 
circuit on the very substrate on which the pixels are formed is difficult 
because of the characteristics of a-Si. For this reason, the display panel is 
usually driven by an external driver circuit (also simply referred to as a 
driver) formed by using single crystal Si. 

In such a device, it is necessary to connect IC chips in the driver to the 
array substrate. An example of a technique for the connecting is the tape 
carrier package (TCP), as shown in Fig. 31, in which a driver 302 is 
mounted on a tape carrier film 301 so as to be connected to an array 
substrate 303 of the liquid crystal display panel. 

In order to achieve a reduction in the thickness and weight of the 
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device , the chip on glass (COG) technique, in which a driver is directly 
mounted on a liquid crystal panel, has been suggested. This technique 
eliminates the tape carriers and accordingly achieves cost reduction. In 
addition, the total number of the connections in a liquid crystal panel, 
5 including the connections with drivers, is reduced to 1/3 to 1/5 of that in TCP, 
resulting in an increase in reliability. This technique is illustrated in Fig. 
32. 

Although the number of connections of the driver IC chips is smaller in 
COG than that in TCP, COG also requires a high precision mounting 

10 process to connect a large number of terminals, which makes it difficult to 
achieve a significant increase in reliability and a remarkable reduction in 
manufacturing costs. 

Unlike liquid crystal display devices using amorphous silicon TFTs for 
the switching elements of the active matrix, liquid crystal display devices 

15 employing polysilicon TFTs (hereafter referred to as p-Si TFTs) exhibit a 
mobility of the semiconductor layer at least 10 times to 100 times higher 
than that of a~Si (see SID 97, p. 171) and therefore make it possible to 
integrally form both active matrix elements for the display and portions of 
or all of signal driver circuits on a glass substrate at one time. 

20 The driver circuit comprises, for example, shift registers, latches, and 

so forth, formed by a multiplicity of CMOS (Complimentary Metal Oxide 
Semiconductor) inverters, each composed of a p-channel TFT 304 and an 
n-channel TFT 305 as shown in Fig. 33. The wiring lines connecting the 
p-channel TFTs 304, the power supply lines, and the image signal lines are 

25 composed of, for example, an aluminum thin film that is formed on the glass 
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substrate and has a thickness of about 7000 A. 

In the prior art liquid crystal display device, owing to the 
characteristics of p~Si TFT and line resistance of the power supply line, a 
voltage drop occurs in the power supply voltage, which is supplied to the 
5 shift resisters and so forth. Therefore, the prior art liquid crystal display 
device has such a drawback that unless the width of the power supply line is 
made fairly large or the power source voltage is made fairly high, the driver 
circuit does not properly operate. 

As mentioned above, p-Si TFTs can achieve a higher operation speed 

10 than a*Si TFTs. However, as shown in, for example, "Integrated driver 
circuits for active matrix liquid crystal displays," Displays Vol. 14, No. 2, 
1993, pp. 104-114 (see Fig. 34(a) and 34(b)), p-Si TFTs have a larger OFF 
current and a larger subthreshold region current than those in single crystal 
silicon transistors, which are generally used in IC chips. This is considered 

15 to be due to the hopping of carriers between grain boundary levels in 
polysilicon or due to the influence of fixed charge caused by ions present in 
the gate insulating layer (Memorandum No. UCB/ERL M93/82). For this 
reason, in a switching operation of the CMOS inverter, as a drain current 
increases in the subthreshold region, a larger shoot-through current occurs. 

20 Referring now to Fig. 35, more specific details of the shoot-through 

current are illustrated below. 

(l) When an input voltage (gate voltage) Vi n is 0 V, the p-channel TFT 
304 is in an ON state and the n-channel TFT 305 is in an OFF state, and 
the output voltage V ou t becomes a high level (5V=Vdd). In this state, 

25 substantially no shoot-through current (DC path current) flows from the 
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source of the p-channel TFT 304 to the drain of the irchannel TFT 305. 

(2) During the period in which the input voltage Vi n increases and 
exceeds a threshold voltage Vth(n) (voltage A) of the n-channel TFT 305 and 
reaches a voltage B, the p-channel TFT 304 maintains the ON state in a 

5 saturation region, while the n-channel TFT 305 is in a non- saturation region 
and a drain current corresponding to the input voltage V m starts to flow. 
Accordingly, the shoot-through current gradually increases, while the output 
voltage Vout gradually decreases. 

(3) During the period in which the input voltage Vi n further increases 
10 from the voltage B and reaches a voltage D, both p-channel TFT 304 and 

n-channel TFT 305 are in a non-saturation region and a drain current 
corresponding to the input voltage Vi n flows therein. Accordingly, the 
shoot-through current reaches the maximum value at a voltage C, and the 
output voltage Vout shows a sudden drop. 

15 (4) When the input voltage Vi n exceeds a voltage D, the p-channel TFT 

304 is in a non- saturation region and a drain current corresponding to the 
input voltage Vi n flows therein, while the n-channel TFT 5 is in a 
non-saturation region and substantially in a ON state. Accordingly the 
shoot-through current reduces, and the output voltage Vout asymptotically 

20 approaches a low level (0 V). 

(5) When the input voltage Vm exceeds the threshold voltage Vth( P ) 
(voltage E), the p-channel TFT 304 is turned to an OFF state and the 
n-channel TFT 305 an ON state. Accordingly, the output voltage V ou t 
becomes the low level (0 V) and substantially no shoot-through current flows 

25 therein. 
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Since such a shoot-through current occurs as described above, when 
the amount of the voltage drop caused by the line resistance of the power 
supply lines becomes 1.5 V or greater, margins of driving voltage for shift 
registers and latches become exceedingly small, making the driver circuits 
5 difficult to properly operate. Specifically, when a liquid crystal display 
device being 20 cm in diagonal size is required, a current of about 160 mA 
flows in a power supply line thereof. In such a device, in order to control 
the voltage drop within 1.5 V or smaller, it is required that the wiring line 
resistance of the power supply line be about 9 Q, or lower. Therefore, when 

10 the sheet resistance of the power supply line is 0.1 Q,, the width of the 
wiring line needs to be 3.4 mm or larger per line, in order to ensure proper 
operation of the driver circuits. 

Such a problem is more serious in the cases of liquid crystal display 
devices having a large number of display pixels and liquid crystal display 

15 devices capable of color display, since in these devices, the number of stages 
of shift registers is large and the voltage drop in the power supply voltage is 
accordingly large. Furthermore, although such a problem also arises both 
in liquid crystal display devices operated by analog image input signals and 
in those operated by digital image input signals, but especially the latter 

20 devices are more susceptible to the problem since they have, in addition to 
the shift registers, latch circuits and D— A converters corresponding to the 
bit number of the digital image signals and the shoot-through current is 
correspondingly large. 

The above-described problem also exists in a so-called point-at a-time 

25 driving type liquid crystal display device, in which image signal voltage is 
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sequentially applied to the pixel electrodes, such as shown in Japanese 
Examined Patent Publication No. 4-3552, and in a line-at-a-time driving 
type liquid crystal display device, in which image signals for one horizontal 
period is retained and thereafter image signal voltages are applied to the 
pixel electrodes of the horizontal line at one time, such as shown in SID ? 96 
Digest pp. 21-24. 
BACKGROUND ART - II 

At present, liquid crystal display devices are widely used in such 
appliances as notebook computers and automobile navigation systems, and 
in the devices, further reduction in size and thickness is desired. In order 
to achieve the size and thickness reduction, the use of polycrystalline silicon 
thin film transistors, which makes it possible to integrate driver circuits in 
the array substrate, is considered effective to simplify the manner of 
connection of the driver circuits with external circuits. 

Accordingly, in the following discussion referring to drawings, there are 
described a prior art device in which amorphous silicon thin film transistors 
are connected to driver ICs for driving the transistors by using flip chip 
technique and a prior-art connection technique for connecting a prior art 
device in which polycrystalline silicon thin film transistors are used to 
external circuits. 

Figs. 36 and 37 schematically show the configurations of a 5-inch liquid 
crystal display device having about 400 thousand pixels. Fig. 36 shows a 
plan view of a liquid crystal display device in which prior art amorphous 
silicon thin film transistors are connected to driver ICs by using a flip chip 
technique, and a cross-sectional view of the device taken along the line A-A 
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in the plan view. Figs. 37(A) and 37(B) show a plan view of a liquid crystal 
display device in which the driver circuit is made of a polycrystalline silicon 
thin film and a cross-sectional view of the device taken along the line B— B". 
In Figs. 36(A), 36(B), 37(A), and 37(B), like parts are designated by like 
5 reference numerals. Reference numeral 401 indicates an array substrate, 
reference numeral 402 a counter substrate, reference numeral 402 a flexible 
wiring board, and reference numeral 411 a driver IC. 

As shown in Figs. 36(A) and 36(B), in a device in which ICs are 
connected using a flip chip technique, if an additional flexible wiring board 

10 were not provided, the pitches of the connections would be so small that 
they would be beyond the current state of the art, and therefore, flexible 
wiring boards are provided on opposing sides and are connected to a printed 
circuit board (not shown) to construct circuitry. 

The device shown in Figs. 37(A) and 37(B) has a driver circuit section 

15 formed of a polycrystalline silicon thin film. Unlike the prior art 
amorphous silicon thin film transistors, the signal circuit section can be 
formed on one side, and therefore only one flexible wiring board is required 
for the connection with the printed wiring board to construct the circuitry. 

As described above, the prior art method in which amorphous silicon 

20 thin film transistors and driver ICs are connected using a flip chip 
technique requires two flexible wiring boards, which increases device costs, 
and moreover, since the device has such a configuration that both sides of 
the flexible wiring boards are connected by a printed wiring board disposed 
on the side of the backlight, the liquid crystal device becomes bulkier. 

25 When the driver circuits are formed using poiysilicon thin film 
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transistors, the flexible wiring board is necessary only for one side because 
there are no restrictions in the connection pitches and accordingly cost 
reduction is possible to a certain degree. However, the flexible wiring 
board must be connected to a relatively large shaped printed circuit board, 
which requires that the printed wiring board be disposed on the backside of 
the device, and the problem that the liquid crystal device is bulky remains 
unsolved. 

Summary of the problems in the prior art 

In summary, in order to ensure proper operation of the driver circuits, 
there is a need for low resistance bus lines for supplying power and for 
supplying various other signals. In addition, there is a need for reduction 
in the size and thickness of a flexible wiring board for connecting the device 
with external circuits, thereby reducing the size and thickness of the display 
device. 

DISCLOSUEE OF THE INVENTION 

In view of the foregoing and other problems in the prior art, it is an 
object of the present invention to provide a display device having a low 
resistance bus line formed therein, which can achieve a device size reduction 
and a device thickness reduction by reducing the size of a flexible wiring 
board for connecting the device to an external circuit. It is another object of 
the invention to provide a method of producing such a device. 

In order to accomplish the foregoing and other objects of the invention, 
a resin substrate having a bus line is mounted on an active matrix substrate 
in one embodiment of the invention. In another embodiment, the bus line 



is formed on an active matrix substrate by printing. In further another 
embodiment, the bus line is buried in an active matrix substrate, 
(l) Specific configurations of Embodiment 1 according to the invention are 
as follows. 

In Embodiment 1 of the present invention, there is provided a display 
device comprising an active matrix substrate having a driver circuit section 
composed of a plurality of polycrystalline silicon thin film transistors, a 
counter substrate, a liquid crystal filled between the active matrix substrate 
and the counter substrate, and an individually-wired line array for 
supplying electric power or a signal such as a clock signal and a data signal 
to a plurality of circuit elements comprised in the driver circuit section, 
wherein the individually -wired line array is extended to a peripheral portion 
of the active matrix substrate, the display device characterized in that: the 
peripheral portion of the active matrix substrate has an insulator having a 
via hole and a multi-layer bus line-equipped section having a bus line 
formed on the insulator, the bus line is connected to the individually-wired 
line array via the via hole, and the bus line has a connecting terminal for 
connecting the display device to an external circuit. 

The above-described configuration makes it possible to form a low 
resistance bus line in a peripheral portion of the active matrix substrate. 
In addition, a connecting terminal to an external circuit is provided at a part 
of the bus line to reduce the size and thickness of the flexible wiring board. 

For the multi-layer bus line equipped section, a pre-formed resin 
substrate may be used. The resin substrate has, of course, a bus line 
formed on the surface thereof, and a via hole formed in the interior thereof. 
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For the material for the resin substrate, aramid-epoxy resin is preferable. 
As a conductive member in the via hole, a conductive paste may be used. 

The resin substrate may have a multi-layer structure having a 
plurality of layers in which a bus line is provided on a surface of an inner 
5 layer thereof as well as on a surface of the uppermost layer thereof, and the 
bus lines are selectively connected to each other via a via hole formed in 
each of the layers to form a three-dimensional wiring structure. Such a 
multi-layer substrate allows more freedom in designing the bus line 12 to 
easily arrange a plurality of bus lines 12. 

10 In addition, the electrically conductive paste may partially protrude 

from a lower opening of the via hole, and the active matrix substrate and 
the resin substrate may be bonded together with the protruding portion of 
the electrically conductive paste. Thereby, a bump terminal and a 
conductive adhesive may be eliminated. 

15 In addition, the resin substrate and the active matrix substrate may be 

bonded with an adhesive composed of a material having thermoplastic 
property. Accordingly, when the resin substrate is secured to the active 
matrix substrate, the attachment and detachment can be carried out many 
times, ensuring an accurate alignment of the resin substrate and the active 

20 matrix substrate. 

In addition, the adhesive may be an anisotropic conductive resin or a 
silver paste. 

In addition, the resin substrate may be a film substrate and may be 
detachably bonded to the active matrix substrate. The film substrate has 
25 flexibility, which makes it easy to carry out the bonding work. Therefore, 
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the alignment of the resin substrate and the active matrix substrate is made 
more accurate. It is preferable that the film substrate be made of a resin 
comprising polyimide or epoxy. 

In addition, a semiconductor chip comprised in the external circuit may 
5 be mounted on the resin substrate and be connected to the bus line. This 
configuration eliminates the need for a flexible wiring board or a printed 
wiring board on which an external circuit is mounted. 

In addition, the semiconductor chip may be buried in the via hole. 
Thereby, the surface of the resin substrate is planarized. 
10 (2) Specific configurations of Embodiment 2 according to the present 
invention are as follows. 

The multi-layer bus line -equipped section employs a bus line formed by 
printing, in place of the resin substrate. The insulator in the multi-layer 
bus line-equipped section is also formed by printing. Such a multi-layer 
15 bus line-equipped section formed by printing also achieves a cost reduction 
in the flexible wiring board and a device size reduction, as well as the case 
of using a resin substrate. Furthermore, printing has such an advantage 
that a low resistance conductive material can be formed only in a required 
region. 

20 Specific methods of a liquid crystal display device according to 

Embodiment 2 are as follows. 

In Embodiment 2, there is provided a method of producing a liquid 
crystal display device, comprising- forming a driver circuit section using a 
poly crystalline silicon thin film transistor; forming an insulating film on a 

25 thin film wiring region including the driver circuit section?" forming a via 
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hole by etching a prescribed portion of the insulating film by 
photolithography so that a prescribed portion of a wiring electrode of the 
driver circuit section is exposed; printing a prescribed pattern on the 
insulating film with an electrically conductive ink; and electrically 
5 connecting the pattern to the wiring electrode of the driver circuit section 
via the via hole. 

In the above-described method, as the insulating film, a silicon nitride 
film or a silicon oxide film provided for protecting pixel sections and the 
driver circuit section is utilized, and therefore, it is not necessary to form an 

10 additional insulating film. In addition, by using an insulating film having 
good heat resistance, a curing temperature of the material to be printed can 
be made high, and therefore, further reduction in the resistance is achieved. 

In Embodiment 2, there is also provided a method of producing a liquid 
crystal display device, comprising* forming a driver circuit section using a 

15 polycrystalline silicon thin film transistor* printing an insulating film for 
forming a via hole in a prescribed position in a thin film wiring region 
including the driver circuit section such that a portion of the thin film 
wiring electrode is exposed; printing a prescribed pattern using an 
electrically conductive ink; and electrically connecting the pattern with the 

20 wiring electrode of the driver circuit section via the via hole. 

By employing the above -de scribed method, in addition to the insulating 
film for protecting transistors in pixel sections and driver circuit sections, an 
insulating film having a low dielectric constant is provided, and thereby, 
adverse effects caused by a large current are prevented and a high 

25 performance liquid crystal display device is achieved. 
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In Embodiment 2, there is also provided a method of producing a liquid 
crystal display device, comprising^ forming a driver circuit section using a 
poly crystalline silicon thin film transistor? forming a planarizing film over a 
pixel region and a thin film wiring line region including the driver circuit 
5 section by applying a transparent insulating film; providing a via hole at a 
plurality of a prescribed position in the thin film wiring line region and the 
pixel region by a photolithography and an etching process; patterning a 
transparent conductive film on a prescribed position of the planarizing film; 
and printing a wiring line for supplying electric power to the driver circuit 

10 over the planarizing film including the transparent conductive film. 

In the above-described method, a planarizing film provided for the 
purpose of increasing an aperture ratio of the liquid crystal display device is 
also formed on the driver circuit section so as to be utilized as an insulating 
film, and at the same time, a transparent conductive film is formed for the 

15 electrical connection with the wiring electrodes of the driver circuit section, 
so that sufficient electrical conduction can be obtained even when the via 
holes have a very small size. Thus, the above -de scribed method achieves a 
further device size reduction. 

(3) Specific configurations of Embodiment 3 are as follows. 

20 i) In Embodiment 3, there is provided a display device comprising an 

active matrix substrate having a driver circuit section composed of a 
plurality of polycrystalline silicon thin film transistors, a counter substrate, 
a liquid crystal filled between the active matrix substrate and the counter 
substrate, and an individually -wired line array for supplying electric power 

25 or a signal such as a clock signal and a data signal to a plurality of circuit 
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elements comprised in the driver circuit section, wherein the 
individually -wired line array is extended to a peripheral portion of the 
active matrix substrate, the display device characterized in that' the active 
matrix substrate has a recessed groove formed in the peripheral portion; 
5 and a bus line to be connected to the individually-wired line array is buried 
in the groove. 

In this configuration, when a thickness of the bus line is increased by 
increasing a depth of the recessed groove, the wiring line resistance can be 
reduced and the voltage drop of the power supply voltage can be minimized. 

10 As s result, reliable operation of the driver circuit is achieved. 

Moreover, wiring line resistance can be reduced without increasing an 
area of the peripheral portion of the active matrix substrate, which makes it 
possible to realize a liquid crystal display device having a narrow frame. 

Furthermore, since the bus line is buried in the active matrix substrate, 

15 surface level irregularities are not caused on the connecting lines that 
connect the bus line to driver circuits and on the insulating film provided 
over the connecting lines, achieving the planarization of the substrate 
surface. Accordingly, it is made possible to produce a liquid crystal display 
device having a uniform cell gap. 

20 For a method of burying bus lines in an active matrix substrate, it is 

possible to select options such as the following methods : a method in which 
a resist is applied on an active matrix substrate, physical etching of the 
active matrix substrate is carried out by sandblasting so as to form recesses, 
and thereafter the resist is removed to form metal wiring lines; or a method 

25 in which a glass is chemically etched using an etchant solution to provide 
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recesses. Physical etching, such as a sandblasting method and the like, 
does not require complex production apparatuses and manufacturing cost is 
low, but it is inferior to a method using an etchant solution in terms of 
producing wiring lines with a very small width. In contrast, chemical 
etching using an etchant solution necessitates an expensive production 
apparatus and thus a large manufacturing cost but is superior to a 
sandblasting method in terms of the precision in the etching. 

ii) In Embodiment 3, the active matrix substrate may have an organic 
resin layer in the peripheral portion thereof, and a bus line to be connected 
to the individually-wired line array may be buried in the organic resin layer. 

By employing such a configuration, because of the buried wiring 
structure, the wiring line resistance can be reduced without increasing the 
area of the peripheral portion of the active matrix substrate, thus achieving 
a liquid crystal display device having a narrow frame as in the embodiments 
mentioned above. 

In addition, the resin layer serves as a planarizing layer, thus 
achieving a liquid crystal display device having a uniform cell gap, as in the 
embodiments mentioned above. 

In addition, when a photosensitive material is used for the resin 
material, the need for coating a resist is eliminated, and the processability 
is improved in comparison to a glass substrate. In addition, the organic 
resin may be coated only on a required region, such as on the peripheral 
region, by using a screen. In addition, as metal wiring lines to be buried in 
the resin, a conductive thermosetting resin may be used and the wiring lines 
may be printed using a screen. 
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iii) In addition to the above two configurations, the wiring line to be 
buried may be a metal fine wire, in place of a thin film or a thick film. 

iv) In addition, in order to further reduce the resistance of the bus line, 
plating may be employed as a means for increaseing the film thickness. 

5 Suitable materials for the plating may include copper plating, nickel plating, 
chromium plating, and aluminum plating, which are effective to reduce the 
resistance. A plating of alloys thereof may also be employed. Further, 
when the bus line produced by plating forms a layered structure comprising 
a copper foil layer, a copper plating layer, and a gold-nickel plating layer, the 
10 formation of stable wiring lines is possible. 

v) By employing a buried wiring structure, the resistance value of the 
bus lines is remarkably reduced. The reason is discussed below. For 
example, in a liquid crystal panel being 20 cm in diagonal size, a current 
flowing in a power supply line to shift registers in the driver circuit utilizing 

15 polysilicon is about 800 mA. Accordingly, if the power supply line is made 
of Al, which is generally used as a low resistance wiring material in 
production processes of liquid crystal panels, in order to control the voltage 
drop of the power supply line within 1.5 V or lower, it is necessary that the 
wiring resistance be 1.8 Q or lower. Assuming the sheet resistance of Al 0.1 

20 £2/CI ? the total width of the wiring lines including both plus and minus lines 
should be about 13 mm. However, if a plating process is employed, for 
example, it is easy to produce a wiring line having a film thickness of 1-10 
(xm, and for example, when the film thickness of Al is made 4 jum, the sheet 
resistance can be reduced to 0.01 Q/D. If the wiring line width is about 

25 4-5 mm, the wiring line resistance is about 0.1 Q and the voltage drop 
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caused thereby is hardly a problem. Here, an example in which the buried 
wiring lines are formed by a plating process is discussed, but the same 
discussion also applies to other variations of the present invention, such as 
the ones with metal fine wires. For example, in the case of metal fine wires, 
5 if the diameter is 1-10 |im, the resulting wiring fine resistance is about 0.1 
Q and the same effect as that in the case of the plating process can be 
obtained. 

Of course, the buried wiring structure can be employed for common 
wiring lines other than power supply lines, such as data lines, clock lines of 
10 shift registers, and the like, which lines have signal delays caused by wiring 
line resistance, and thereby similar advantageous effects in the case of the 
power supply line are achieved. 

It is noted that the display devices according to Embodiments 1—2 are 
not limited to liquid crystal display devices, but are similarly applicable to a 
15 display device having a light emission type matrix panel, such as plasma 
discharge panels (PDP) and electro-luminescent (EL) displays. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view showing a display panel of Example 1—1. 
20 Fig. 2 i s a schematic view showing the state of wiring in the peripheral 

portion of the display panel. 

Fig. 3 is a cross -sectional view of a peripheral portion of the display 
panel. 

Eig^itds a cross-sectional view showing a display panel of Example 

25 1-2. 
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Fig. 5 is a cross-sectional view showing a display panel of Example 

■> 

1-3. 

Fig. 6 is a cross-sectional view showing a display panel of Example 

1-4. 

c Fig. is a cross-sectional view showing a display panel of Example 

1-5. 

Figs. 8(A) and 8(B) illustrate the principle of Embodiment 2, in which 



Fig. 8(A) shows a plan view of a liquid crystal display device according to 
Embodiment 2 and Fig. 8(B) shows a cross sectional view of the liquid 
crystal display device. 

Fig. 9 is an enlarged cross-sectional view of Fig. 8(B). 

Figs. 10(A) to 10(C) are cross-sectional views illustrating the major 
steps in the process of producing a liquid crystal display device of Example 
2-1. 

Figs. 11(A) to 11(C) are cross-sectional views illustrating the major 
steps in the process of producing a liquid crystal display device of Example 
2-2. 

Figs. 12(A) to 12(C) are cross -sectional views illustrating the major 
steps in the process of producing a liquid crystal display device of Example 

2- 3. 

Fig. 13 is a plan view showing a liquid crystal display device of 
Example 3-1. 

Fig. 14 is a circuit diagram of a liquid crystal display device of Example 

3- 1. 

Fig. 15 is a circuit diagram showing the configurations of shift 



19 



registers 234 to 237 shown in Fig. 14. 

Fig. 16 is a timing chart showing the operation of shift registers 234 to 

237. 

Fig. i7J_ s a graph showing the relationship between the number of the 
5 stages of shift registers and the writing time of image signal voltage. 

Fig. 18^is a schematic plan view of an array substrate 212. 

Fig. 19^is a cross-sectional view taken along the line Xl-Xl in Fig. 18. 

Fig. 2<3is a cross-sectional view taken along the line X2-X2 in Fig. 18. 

Fig. 21 is a cross-sectional view taken along the line X3— X3 in Fig. 18. 
10 Fig. 22 shows a variation of the connecting configuration between 

metal wiring lines and a driver circuit section. 

Figs. 23(l) to 23(5) show a production process of an array substrate of 
Example 3-1. 

Figs. 24(1) to 24(6) show a production process of an array substrate of 
15 Example 3-2. 

Fig. 25 is a schematic cross-sectional view of an array substrate of 
Example 3-3. 

Figs. 26(1) to 26(4) show a production process of an array substrate of 
Example 3-3. 

20 Figs. 27(l) to 27(3) show a production process of an array substrate of 

Example 3-4. 

Figs. 28(1) to 28(4) show a production process of an array substrate of 
Example 3—5. 

Fig.^29^ shows a variation of the connecting configuration between 
25 metal fine wires and a driver circuit. 
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Figs. 30(1) to 30(3) show a production process of an array substrate of 
Example 3-6. 

Fig. 31 is a plan view showing the configuration of a prior-art liquid 
crystal display device made using a tape carrier package. 
5 Fig. $2 is a plan view showing the configuration of a prior- art liquid 

crystal display device produced using a chip on glass technique. 

Fig. 33 is a circuit diagram showing the configuration of a CMOS 
inverter. 

Figs. 34(a) and 34(b) are graphs showing the characteristics of 
10 polycrystalline silicon thin film transistors and single crystal silicon 
transistors. 

Fig. 35 is a graph showing magnitudes of shoot-through currents in a 
CMOS inverter using polycrystalline silicon thin film transistors. 

Figs. 36(A) a nd 36(B) are a plan view and a side view of a prior art 
15 liquid crystal display device in which an amorphous silicon thin film and 
driver ICs are connected using a flip chip technique. 

Figs. 37(A) and 37(B) are a plan view and a side view of a prior art 
liquid crystal display device with polycrystalline silicon thin film 
transistors. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

EMBODIMENT 1 

In Embodiment 1 ? a resin substrate having a bus line is mounted in a 
peripheral portion of an active matrix substrate (hereafter also referred to 
25 as "an array substrate"), and the bus line is electrically connected to a driver 
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circuit section via a via hole formed in the resin substrate. This 
construction makes it possible to form a low resistance bus line in the 
peripheral portion of the array substrate. In addition, a connecting 
terminal is provided at a part of the bus line, and thereby a reduction in the 
5 size and thickness of a flexible wiring board is achieved. Now, Embodiment 
1 according to the present invention is specifically described below by means 
of Examples 1-1 to 1-5. 

Example 1—1 

10 Fig 1 shows a plan view of a display panel made according to Example 

1—1, Fig. 2 shows the state of the wiring in the vicinity of a peripheral 
portion of the display panel, and Fig. 3 shows a cross -sectional view of the 
vicinity of the peripheral portion of the display panel. A display panel 1 is 
an active matrix liquid crystal display panel and has an array substrate 2 

15 and a counter substrate 3. Between the array substrate 2 and the counter 
substrate 3, a liquid crystal is filled. The array substrate 2 is a driver 
circuit-integrated type active matrix substrate in which a driver circuit 
section 4 (a scanning line driver circuit or a signal line driver circuit, see Fig. 
2) is composed of polycrystalline silicon. That is, the driver circuit section 4 

20 is an integrated driver circuit that is simultaneously constructed during the 
production process for the liquid crystal display unit. 

The liquid crystal display unit comprises a plurality of scanning lines 
and a plurality of signal lines arranged in a matrix, and thin film 
transistors (TFT), serving as pixel switching elements, disposed at each 

25 intersectional position of the scanning lines and the signal lines. The 
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driver circuit section 4 is formed in a peripheral portion of the liquid crystal 
display unit. 

The driver circuit section 4 comprises a plurality of circuit elements 20 
including an inverter and a latch, and to each of the circuit elements 20, 
5 electric power is independently supplied via an individually -wired line array 

21 comprising a plurality of power supply lines 7. Each of electrode pads 

22 of the individually- wired line array 21 is extended to the peripheral 
portion of the array substrate 2. It is to be noted that the 
individually-wired line array 21 is provided for a set of power supply lines 7 

10 as well as for the data lines and clock signal lines, or various other control 
signal lines, and these lines are commonly connected to the corresponding 
bus lines 12 and are connected to an external circuit via a connecting 
terminal 13. For convenience in description, taking the power supply lines 
7 as an example, further details are given below. 

15 A notable feature here is that a multi-layer bus line-equipped section 5 ? 

which has a bus line to be commonly connected to the individually-wired 
line array 21, is formed in a peripheral portion of the array substrate 2, and 
that by the multi-layer bus line-equipped section 5, each of the electrode 
pads 22 of the individually-wired line array 21 is connected to the bus line 

20 12 and is connected to a flexible wiring board 6 via the connecting terminal 
13 of the bus line 12. This configuration achieves a low resistance in the 
bus line 12 and a size and thickness reduction in the flexible wiring board 6. 

The specific configuration of the bus line-equipped section 5 is shown 
in Figs. 2 and 3. The bus line-equipped section 5 is composed of a resin 

25 substrate 10, which has an extended shape (extended in a lateral direction 
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of Fig. l) and is mounted on the peripheral portion of the array substrate 2. 
The resin substrate 10 has an insulating layer 11 composed of, for example, 
aramid-epoxy resin, and on the upper surface of the insulating layer 11, the 
bus line 12 is formed. The bus line 12 is produced by patterning a copper 
5 foil formed on the upper surface of the insulating layer 11 in a prescribed 
pattern. The bus line 12 is protected by a protective layer 18. 

In the insulating layer 11, via holes 17 are formed, and in each of the 
via holes 17, an electrically conductive member 14 mainly composed of an 
electrically conductive paste is filled. At the lower end of the electrically 

10 conductive member 14, a bump electrode 15 is formed, and the bump 
electrode 15 is bonded with each of electrode pads 22 by means of a 
conductive adhesive 16. This ensures the securing of the resin substrate 10 
with the array substrate 2 and the electrical connection of the 
individually- wired line array 21 with the bus line 12. It is to be noted that 

15 the protective layer 18 also has a via hole 17 formed therein, and in this via 
hole 17, a conductive paste is filled, forming a connecting terminal 13 to an 
external circuit. The connecting terminal 13 is connected to a wiring line 
19 of a flexible wiring board 6 via a conductive adhesive 25, and the flexible 
wiring board 6 is folded and guided to the back side of the array substrate 

20 and is connected to a printed circuit board having an external circuit formed 
thereon. 

By employing such a configuration as described above, the bus line 12 
is formed on the resin substrate 10 and therefore has a sufficient line width 
and a sufficient line thickness (film thickness). Accordingly the bus line 12 
25 has a low resistance. 
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In addition, the bus line 12 is taken out of the array substrate 2 from 
one point, via the connecting terminal 13, and therefore, the size and 
thickness of the flexible wiring board 6 to be connected to the connecting 
terminal 13 can be smaller than those of the prior art devices, thus 
achieving size and thickness reduction of the display device. 

The protective layer 18 is not an essential element in the present 
invention, and therefore the protective layer 18 may be omitted. 

Example 1-2 

Fig. 4 shows a cross-sectional view of a display panel according to 
Example 2. Example 1—2 is similar to Example 1—1 above, and like 
reference numerals refer to like parts. Example 1—2 is characterized in 
that, in place of using a printed circuit board on which the flexible wiring 
board 6 and the external circuit are mounted, the external circuit is directly 
mounted on the resin substrate. Specifically, a semiconductor chip 30 of a 
controller and the like is mounted on the resin substrate 10, and the 
semiconductor ship 30 is electrically connected to the connecting terminal 
13. Such a configuration makes it possible to eliminate the printed circuit 
board on which the flexible wiring board 6 and the external circuit are 
mounted, thus remarkably reducing manufacturing cost. 

Example 1-3 

The semiconductor chip 30 can be buried in the via hole 17. This 
achieves a further planar surface of the resin substrate 10 in comparison 
with that of Example 1-2. 
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Example 1-4 

Fig. 6 shows a cross-sectional view of a display panel of Example 1-4. 
Example 1-4 is similar to Example 1-1, and like reference numerals refer 
5 to like parts. Example 1-4 employs a film substrate 40 having flexibility in 
place of the resin substrate 10. The film substrate 40 is composed of, for 
example, a resin mainly composed of polyimide or epoxy. Consequently, 
bonding of the resin substrate 40 with the array substrate 2 can be carried 
out in such a manner that the film-like resin substrate 40 is gradually 

10 attached to the array substrate 2 from one end of the film-like resin 
substrate to another, which makes it easy to align the electrode pad 22 and 
the bump electrode 15. 

In addition, the film substrate 40 may be composed of a thermoplastic 
material. In this case, the film substrate 40 itself has semi-adhesive 

15 property, and consequently, the film substrate 40 can be directly bonded to 
the array substrate 2, eliminating the bump electrode 15 and the conductive 
adhesive 16. When the film substrate 40 has semi-adhesive property, 
attachment and detachment of the substrate can be repeated again and 
again, which makes it easy to carry out an alignment process of the 

20 electrode pads 22 and the conductive members 14 in the via holes 17 and 
increases the precision of the alignment. 



Example 1—5 

Fig. 7 shows a cross-sectional view of a display panel of Example 1—5. 
25 In Example 1-5, in place of the single layer resin substrate 10, a multi-layer 
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substrate 50 is employed. Specifically, as shown in Fig. 7, the multi-layer 
substrate 50 has a bus line 12 on the surface of the uppermost layer as well 
as on the surface of an inner layer, and the upper and lower bus lines are 
selectively connected via via holes 17 formed in each layer, forming a 
5 three-dimensional wiring line structure. This configuration allows more 
freedom in designing the bus line 12 and makes it possible to easily arrange 
a plurality of bus lines 12 depending on the types of signal lines. For 
example, when a plurality of types of individually -wired line arrays 21 are 
to be connected to a plurality of corresponding bus lines 12, there are 
10 instances where one of the bus lines 12 intersects another bus line 12. In 
such an instance, this example is particularly effective for easy formation of 
the bus lines. 



Supplementary Remarks for Examples 1—1 to 1—5 
15 (l) In the foregoing examples, the conductive adhesive 16 may be an 

anisotropic conductive film or a silver paste. 

The conductive adhesive 16 may be made of a material having 
thermoplastic property. In such a case, the resin substrate and the array 
substrate can be repeatedly bonded and detached many times, so that the 
20 alignment of the resin substrate and the array substrate is easily carried 
out. This is possible in the following manner : after an adhesive is 
semi-cured, an alignment compensation of the resin substrate and the active 
matrix substrate is carried out, and the adhesive is cured at, for example, 
120-150°C to secure the resin substrate and the active matrix substrate. 
25 (2) Although the examples above employ bump electrodes 15, in place 
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of the bump electrodes 15, the device of the invention may have a 
configuration such that a lower end of the conductive member 14 protrudes 
from the via hole and the protruding portion is directly connected to the 
electrode pad 22. 

5 (3) The present embodiment describes a liquid crystal display device as 

an example, but the present invention is similarly applicable to a display 
device having a light emission type matrix panel, such as plasma discharge 
panels (PDP) and electro-luminescent (EL) displays. 

10 EMBODIMENT 2 

In Embodiment 1, a resin substrate having a bus line is mounted on a 
peripheral portion of the array substrate. In Embodiment 2, the bus line is 
formed by printing. In Embodiment 2, the liquid crystal display device is 
an integrated driver circuit type liquid crystal display device in which the 
15 driver circuits are composed of a poly cry stalline silicon semiconductor layer, 
as in Embodiment 1. 

First, referring to Figs. 8(A) and 8(B) and Fig. 9, the principle of 
Embodiment 2 is discussed, and thereafter, various examples are detailed. 
Fig. 8(A) shows a plan view of a liquid crystal display device of 
20 Embodiment 2, Fig. 8(B) shows a cross-sectional view of the liquid crystal 
display device of Embodiment 2, and Fig. 9 shows an enlarged 
cross -sectional view of Fig. 8(B). 

Figs. 8(A), 8(B), and 9 show an array substrate 101 on which thin film 
transistors are formed, a counter substrate 102, a flexible wiring board 103 
25 for the connection with an external circuit, a multi-layer wiring 
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line-equipped section 104 for a bus line, an anisotropic conduction resin 105 
for connecting the flexible wiring board and the bus line, an interlayer 
insulating film 106, a sealant 107 for sealing the gap between the array 
substrate and the counter substrate, a bus line 108, a via hole 109, and a 
thin film wiring region 110 including thin film transistors provided on the 
array substrate. 

One of the important features in the present embodiment is as follows. 
As shown in Fig. 9, the interlayer insulating film is formed on the thin film 
wiring region including thin film transistors provided on the array substrate, 
and thereafter the bus line is printed in only a required position/positions 
with the use of a conductive paste. Thereby, a multi-layer wiring 
connection is realized on the array substrate, and by remarkably reducing 
the size of the flexible wiring board and the printed circuit board, size 
reduction in the liquid crystal display device is achieved. 

Now, specific configurations and producing methods are detailed by 
way of examples. 

Example 2-1 

Figs. 10(A) to 10(C) show cross-sectional views illustrating the major 
steps in the process of producing a liquid crystal display device of Example 
2-1. 

In Figs. 10(A) to 10(C), reference number 121 designates a transparent 
insulating substrate, for which the present example employed a glass 
substrate available from Corning Inc. Reference number 122 designates an 
undercoat film, for which in the present example, an Si02 film having a 
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thickness of about 400 nm was formed by plasma CVD. Reference number 
123 designates a polysilicon film, for which the present example employed a 
polysilicon film produced by first forming an amorphous silicon film and 
subsequently fusing the film by an excimer laser. Reference number 124 
5 designates a gate insulating film, for which, in the present example, an Si02 
film having a thickness of about 90 nm was formed by plasma CVD. 
Reference number 125 designates a gate electrode, for which, in the present 
example, a Mo-W alloy film was formed by sputtering. Reference number 
126 designates a pixel transistor, which includes the polysilicon film 123, 
10 the gate insulating film 124, and the gate electrode 125. It is noted that 
the device of Figs. 10(A) to 10(C) includes p-type transistors and n-type 
transistors for the driver circuit, which are formed in a similar 
configuration. 

Reference number 127 designates an interlayer insulating film, for 
15 which, in the present example, an Si02 film having a thickness of about 400 
nm was formed by plasma CVD. Reference number 128 designates a 
protective film, for which, in the present example, an SiNx film having a 
thickness of about 500 nm was formed by plasma CVD. Reference number 
129 designates a planarizing film, for which, in the present example, a 
20 photosensitive acrylic-based material having a thickness of about 3 jj.m was 
formed by coating. Reference number 130 designates a transparent 
conductive film, for which, in the present example, an alloy film of indium 
and tin having a thickness of about 75 nm was formed. Reference number 
108 designates a bus line, for which the present example employed a bus 
25 line formed by screen printing using a silver paste DD— 1662B—69 available 
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from Kyoto Elex Co., Ltd. Reference number 132 designates a printed 
protective film for protecting the bus line 108, for which the present 
example employed a film formed by screen printing using an acrylic-based 
resin. Reference number 133 designates a source/drain electrode, for which, 
in the present example, a Ti/Al double layer film was formed by sputtering. 

Now, an example of the producing method of the present embodiment 
is discussed below. 

As shown in Fig. 10(A), an array substrate including a pixel portion is 
produced in a similar manner to a conventional method, except that, when a 
pattern of the protective film is formed, a via hole 109 is simultaneously 
formed by etching a wiring electrode portion (which corresponds to an 
electrode pad) in the thin film wiring region including the driver circuit 
section, for the connection with an external circuit. 

Thereafter, as shown in Fig. 10(B), a bus line 108 is screen printed and 
cured at 180°C for 30 minutes. Subsequently, as shown in Fig. 10(C), in 
order to protect the bus line 108, a printed protective film 132 is formed by 
screen printing. 

Thus, a multi-layer wiring line-equipped section 104 for a bus line is 
formed on the array substrate. 

The bus line formed in the present example had a sheet resistance of 
about 0.02 mQ/D and a printed width of 100 p,m, and therefore achieved a 
sufficiently low resistance for a signal line and a power supply line. The 
present example uses the protective film 128, which has conventionally been 
used for an array substrate, as an interlayer insulating film in the 
multi-layer wiring line-equipped section 104, and therefore achieves 
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simplification in the producing method since it is unnecessary to form an 
additional interlayer insulating film. 

Example 2-2 

5 Fig. 11(A) to 11(C) show the major steps in the process of producing a 

liquid crystal display device of Example 2-2. In the present example too, a 
glass substrate available from Corning Inc. was employed as the glass 
substrate 121, and an Si02 film of about 400 nm was formed as the 
undercoat film by plasma CVD. The figures show a polysilicon film 123, a 

10 gate insulating film 124, and a gate electrode film 125, and these are 
comprised in a pixel transistor 126. In the driver circuit section, p-type 
and n-type transistors and a thin film wiring region comprising various 
wiring lines are provided. The figures also show an interlayer insulating 
film 127, a protective film 128, a transparent conductive film 130, a bus line 

15 108, and a source or a drain electrode 133. These were produced in the 
same manner and in the same thicknesses as those in Example 2-1, and 
therefore, specific details are not further elaborated on here. Reference 
number 34 designates a printed interlayer insulating film, for which, in the 
present example, a polyimide-based resin was screen printed and cured at 

20 300°C for 20 minutes. 

Now referring to each of the cross -sectional views, the producing 
method is discussed below. 

As shown in Fig. 11(A), when the protective film 128 is patterned, the 
via hole 109 is simultaneously formed by an etching process, and thereafter, 

25 the transparent conductive film 30 is formed and patterned over a pixel 
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region of the protective film 128 in a prescribed shape. 

Next, as shown in Fig. 11(B), the printed interlayer insulating film 134 
is formed over the thin film wiring line region including the driver circuit 
section by printing. The film thickness of the printed interlayer insulating 
5 film 134 was about 15 |u,m. In the printing, pattern aligning is required so 
that the via hole portion of the protective film 128 approximately matches 
the via hole portion to be formed by the printing. Subsequently, as shown 
in Fig. 11(C), the bus line is printed by screen printing, which completes the 
process. 

10 In a liquid crystal display device thus produced, the bus line, in which 

a large current flows, and the driver circuit section, in which thin film 
transistors are present, are separated by forming a 15-jnm thick polyimide 
having a low dielectric constant. Therefore, adverse effects caused by 
electromagnetic field were avoided, and the liquid crystal display device 

15 thus produced was suitable for high speed driving. 

Example 2-3 

Fig. 12(A) to 12(C) show the major steps in the process of producing a 
liquid crystal display device of Example 2—3. In the present example too, 

20 the liquid crystal display device was produced by the same process, 
including that for thin film transistors, as that in Example 2-1 above. In 
the figures, there are shown a glass substrate 121, for which the present 
example employed a glass substrate available from Corning Inc., an 
undercoat film 122, a polysilicon film 123, a gate insulating film 124, and a 

25 gate electrode 125, and the polysilicon film 123, the gate insulating film 124 
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and the gate electrode 125 forms a pixel transistor 126. The figures also 
show an interlayer insulating film 127, a protective film 128, a planarizing 
film 129, a transparent conductive film 130, a bus line 108, a printed 
protective film 132, and a source or a drain electrode 133. 
5 Now referring to the cross -sectional views, the producing method is 

discussed. As shown in Fig. 12 (A), in the protective film 128, the pixel 
region including a position to be connected to the bus line 108 of the driver 
circuit section is subjected to a photolithography process and an etching 
process to form the via hole 109. Thereafter, the planarizing film 129 is 

10 formed to have a thickness of about 5 [im, and is subjected to 
photolithography and etching to form the via hole 109 in a like manner. In 
this process, of course, the pattern is formed so that the portion to be 
connected to the bus line 108 of the driver circuit section is opened. 
Subsequently, ITO (indium tin oxide), serving as the transparent conductive 

15 film 130, is formed by sputtering, and the contacts with the pixel portion 
and the driver circuit section are formed. 

Next, as shown in Fig. 12(B), the bus line is printed by screen printing. 
Thereafter, as shown in Fig. 12(C), in order to protect the bus line 108, an 
acrylic-based resin is screen printed to form the printed protective film 132, 

20 which completes the producing of a liquid crystal display device. 

In the present example, the planarizing film, which is formed for 
increasing an aperture ratio, is used as the interlayer insulating film for the 
bus line 108, and the transparent conductive film is used for the contacts 
with the connecting electrode of the driver circuit section. Therefore, the 

25 bus line need not to be in a direct contact with the connecting electrode of 
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the driver circuit section, and the via holes can be made sufficiently small by 
a photolithography process, which makes it possible to achieve a further 
device size reduction and a reliable contact with the connecting electrode. 
In the present embodiment, a liquid crystal display device having a top 
5 gate structure is taken as an example, but the embodiments of the present 
invention are not limited to those with a top gate structure, and of course, 
are similarly applicable to those with a bottom gate structure. 

In addition, although a silver paste is given as an example of a 
material for the bus line, various conductive materials, such as copper, gold, 
10 and alloys thereof, may be used insofar as the material can be cured at 
about 400°C or lower and has a sheet resistance of about 0.05 mQ/D or 
lower. 

In addition, although screen printing is given as an example, the 
printing technique is not limited to screen printing, and various printing 
15 techniques may be employed, such as a writing technique, an intaglio 
printing technique, and an ink-jet printing technique. 

In addition, materials for the printed interlayer insulating film are not 
limited to polyimide-based materials, and various materials may be used 
insofar as the materials can be cured at 400°C or lower and be formed by 
20 printing or coating, such as an acrylic-based photosensitive resin and the 
like. 

Additionally, in the present embodiment, a technique for producing a 
more reliable liquid crystal display device by forming a printed protective 
layer for protecting a bus line has been described, but it is noted that this is 
25 not an essential element in the present invention. 
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The present embodiment describes a liquid crystal display device as an 
example, but the present invention is similarly applicable to a display device 
having a light emission type matrix panel, such as plasma discharge panels 
(PDP) and electro-luminescent (EL) displays. 

5 

EMBODIMENT 3 
Embodiment 3 is characterized in that a bus line is buried in an active 
matrix substrate. Specific configurations of Embodiment 3 are detailed in 
the following Examples 3—1 to 3-6. 

10 

Example 3-1 

Fig. 13 shows a plan view of a liquid crystal display device of Example 
3—1, and Fig. 14 shows a circuit diagram of the liquid crystal display device. 
The device discussed Example 3—1 is a 12.1-inch liquid crystal display 

15 device having 1024 x 768 pixels (so-called XGA mode) in which the pixel size 
is 57 |im square and analog image signals representing red, green, and blue 
are inputted for displaying color images. The liquid crystal display device 
of Example 3-1 is an integrated driver circuit type liquid crystal display 
device in which the driver circuit is composed of a poly crystalline silicon 

20 semiconductor layer. 

As shown in Fig. 13, the liquid crystal display device has an active 
matrix substrate 212, a counter substrate 213, a liquid crystal layer 211 
disposed between the substrates 212 and 213, polarizing plates 214 and 215 
each disposed on one side of each of the substrates 212 and 213, and a back 

25 light 216 disposed outside the polarizing plate 214. The counter substrate 
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213 is a glass substrate. On the inner surface of the counter substrate 213, 
a micro color filter 217 and a counter electrode 218 are formed. The active 
matrix substrate 212 comprises, on a glass substrate 210, a liquid crystal 
display unit 221 having a matrix array composed of thin film transistors, 
5 and driver circuits 224-226 for driving the liquid crystal display unit 221, 
which are also formed on a glass substrate 210. More specifically, the 
liquid crystal display unit 221 of the active matrix substrate 212 comprises 
pixel switching thin film transistors (TFTs) 222 and pixel electrodes 223, 
each correspondingly provided for each pixel. The driver circuits 224-226 

10 are provided on a peripheral portion of the liquid crystal display unit 221. 

The driver circuit 224 comprises, as shown in Fig. 14, a shift register 
231 and a buffer 232, and is connected to the gate electrode of each TFT 222 
via a scanning signal line (gate line) 233. The driver circuit 224 
sequentially outputs a scanning signal pulse to each scanning signal line 33 

15 in response to a clock signal CLx, a inverted clock signal CLx*, and a start 
pulse (vertical synchronizing signal) STv. 

The driver circuit 25 comprises four sets of shift registers 234-237, a 
buffer 238, and an analog switch (transfer gate) 239, and applies an image 
signal voltage to each of odd-numbered pixel electrodes 223 with respect to 

20 the horizontal direction in the display panel, via an image signal line 240 
(source line) and the pixel switching TFT 222. The driver circuit 226 has a 
similar configuration to that of the driver circuit 225, and applies an image 
signal voltage to each of even-numbered pixel electrodes 223 via an image 
signal line 241. Since the driver circuit 226 has a similar configuration to 

25 that of the driver circuit 225 and operates in a similar manner, the driver 



37 



circuit 225 is chiefly explained in the following discussion and the driver 
circuit 226 is not further detailed here. 

Each of the shift registers 234-237 in the driver circuit 225 is 
composed of, as shown in Fig. 15, a plurality of passgates (three-state 
5 buffers) 242 and inverters 243. The shift registers 234-237 sequentially 
output, as shown in Fig. 16, pulse signals each having a pulse width of 200 
ns and being phase shifted by 50 ns (each overlapped by 150 ns) in response 
to clock signals CL1-CL4, inverted clock signals CL1*-CL4*, and start 
pulses (horizontal synchronizing signals) STh. 

10 The analog switch 239 outputs image signal voltages received from 

analog image signal lines D0-D2 to image signal lines 240 in response to 
the pulse signals received from the shift registers 234-237. From the shift 
registers 234-237, the pulse signals each overlapped by 150 ns are 
outputted as mentioned above, and in the overlapped period, an identical 

15 image signal is outputted from the analog switch 239 to each set of four 
image signal lines 240. Thus, each gap between the pixel electrodes and 
the counter electrodes 218 is first precharged during the period of 150 ns, 
and thereafter, in each gap, an electric charge corresponding to an image 
signal to be outputted is stored during the remaining period of 50 ns. This 

20 means that because the driver circuit has four stages of shift registers, a 
writing time of 200 ns can be practically obtained at substantially the same 
S p ee( j ( a constant frame period) as that in the case where the dot clock is 50 
ns. Therefore, reliable writing of image signals is ensured even when the 
number of pixels is large. 

25 In addition, a +V power supply line 251 and a -V power supply line 
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252, which are bus lines for supplying power supply voltage to the driver 
circuit 225 ? are buried in the glass substrate 210. It is noted that a +V 
power supply line 253 and a -V power supply line 254, which are bus lines 
for the driver circuit 226, are also buried in the glass substrate 210. In the 
5 following discussion, the term "power supply line" does not mean an 
individually-wired line array for supplying power to each circuit element, 
but means a bus line commonly connected to the individually-wired line 
array. 

In the present example, the power supply line for the driver circuit 224 
10 does not have a buried wiring structure because voltage drop in the driver 
circuit 224 does not cause as serious a problem as that in the driver circuits 
225 and 226. However, it is of course preferable that the power supply line 
for the driver circuit 224 also have a buried wiring structure. 

That power supply lines have a buried wiring structure is the primary 
15 feature of the present embodiment. Now referring to Figs. 18-21, the 
buried wiring structure is detailed below. 

Fig. 18 shows a schematic plan view of the active matrix substrate 212, 
Fig. 19 shows a cross- sectional view taken along the line Xl-Xl in Fig. 18, 
Fig. 20 shows a cross- sectional view taken along the line X2-X2 in Fig. 18, 
20 and Fig. 21 shows a cross-sectional view taken along the line X3— X3 in Fig. 
18. 

The glass substrate 210 has recessed grooves 260, 261 and 262, 262 in 
opposing peripheral portions thereof, respectively. The recessed grooves 
260 and 261 are linearly extended near the driver circuit 225, and the 
25 recessed grooves 262 and 263 are linearly extended near the driver circuit 
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226. In the recessed groove 260, a metal wiring line serving as the +V 
power supply line 251 is buried, and in the recessed groove 261, a metal 
wiring line serving as the -V power supply line 252 is buried. In the 
recessed groove 262, a metal wiring line serving as the +V power supply line 
5 253 is buried, and in the recessed groove 263, a metal wiring line serving as 
the ~V power supply line 254 is buried. The +V power supply line 251 is 
connected to the driver circuit 225 (to be precise, connected to power supply 
electrode pads of the driving circuit 225) via connecting electrodes 266, and 
the -V power supply line 252 is connected to the driver circuit 225 (to be 

10 precise, connected to power supply electrode pads of the driving circuit 225) 
via connecting electrodes 265, so that electric power is supplied to the driver 
circuit 225. In a like manner, the +V power supply line 253 is connected to 
the driver circuit 226 (to be precise, connected to power supply electrode 
pads of the driving circuit 226) via connecting electrodes 267, and the -V 

15 power supply line 254 is connected to the driver circuit 226 (to be precise, 
connected to power supply electrode pads of the driving circuit 226) via 
connecting electrodes 268, so that electric power is supplied to the driver 
circuit 226. On the surfaces of the metal wiring lines, an insulating layer 
277 (see Figs. 20 and 21) is formed to prevent contact between the 

20 connecting electrode 266 and the power supply line 252. Although not 
shown in the figures, such an insulating layer 277 is also provided for the 
power supply lines 253 and 254 to prevent contact between the connecting 
electrode 67 and the power supply line 254. 

It is also possible that the power supply lines 251 and 252 are 

25 connected to power supply electrode pads 225b and 225a via the connecting 



40 



electrodes 266 and 265, respectively, in such a manner, as shown in Fig. 22, 
that the connecting electrodes 266 and 265 are extended from the same 
positions of the power supply lines 251 and 252. 

As has described above, the power supply lines have a buried wiring 
5 structure, and this achieves the following advantageous effects. 

(1) If the film thickness of the metal wiring line layer is increased by 
increasing the depth of the recessed groove, the wiring line resistance of the 
power supply lines is easily made about 0.1 ohms. Consequently even if a 
shoot-through current of about 160 mA flows in the shift registers 234-237 

10 and so forth, voltage drop of power supply voltage is minimized to ensure 
reliable operation of the driver circuit 225. For reference, in such cases 
that the resistance value is reduced by forming power supply lines in thin 
film form, it is necessary that the peripheral region of the substrate have a 
large area, and therefore, a liquid crystal display device having a narrow 

15 frame cannot be achieved by such a technique. In this regard, the present 
embodiment can reduce the resistance value of power supply lines without 
increasing the area of the peripheral region, and therefore makes it possible 
to produce a liquid crystal display device having a narrow frame. 

(2) Even if the film thickness of the metal wiring lines is increased, 
20 power supply lines do not protrude from the surface of the substrate because 

the metal wiring line layer is buried in the substrate. Accordingly, the 
wiring lines for connecting the metal wiring line layer to the driver circuit 
and the insulating layer formed thereover do not have differences in the 
surface levels, and the surface of the active matrix substrate is planarized. 
25 Consequently, uniformity of the cell gap can be maintained, and degradation 
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of display characteristics does not occur. For reference, in order to merely 
reduce the resistance value of the power supply lines, it is only necessary to 
form a metal wiring line layer having a large film thickness on the substrate. 
However, in such a case, the metal wiring line layer greatly protrudes from 
5 the substrate surface, and this results in differences in the surface levels of 
the wiring lines connecting the metal wiring line layer and the driver circuit 
and of the insulating layer formed thereover. This causes the following 
problem; when the substrates are attached and pressed from both sides 
thereof to make the cell gap to be a constant value, a bend occurs in the 

10 substrates and a uniform cell gap cannot be maintained over the substrate 
plane. In this regard, since the present embodiment employs a buried 
structure for the metal wiring line layer, planarization of the substrate 
surface is achieved, and uniformity in the cell cap is maintained. 

The film thickness of the metal wiring layer may be determined taking 

15 into consideration the power supply voltages and the size of the liquid 
crystal display panel. 

Now, a producing method of the buried electrode structure is described 
below. 

(1) First, as shown in Fig. 23(1), a resist 270 is applied over the entire 
20 surface of the glass substrate 210, on which the driver circuits 224-226 and 

the liquid crystal display unit 221 are formed. 

(2) Next, as shown in Fig. 23(2), portions of the resist 270 where 
recesses are to be formed in the glass substrate 210 are removed. 

(3) Next, as shown in Fig. 23(3), using an aqueous solution containing 
25 2% hydrofluoric acid and 8% glycerin, etching is carried out for about 2 
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minutes to form a recess having a depth of about 1500 nm. Subsequently, a 
metal film 75 composed of Al is formed by sputtering so as to have a 
thickness of 1500 nm. 

(4) Next, as shown in Fig. 23(4), the resist 270 is removed. Thereby, 
5 metal wiring lines 276, corresponding to power supply lines 251-254, are 

formed in such a state that the wiring lines are buried in the recessed 
grooves 260—263. 

(5) Next, by a photolithography method, the insulating film 277 and 
contact holes 278 are formed as shown in Figs. 20 and 21, and the 

10 connecting electrodes 265-268 for connecting the buried metal wiring lines 
and the driver circuit are formed. Thus, an active matrix substrate 212 in 
which power supply lines 251-254 are buried is produced. 

It is noted that metal materials to be buried may be various materials 
such as Ni, Cr, Mo, and Ta, other than Al. 

15 

Example 3-2 

A producing process of Example 3-2 is discussed. The basic circuit 
configuration and the process of making TFTs on a glass substrate are 
identical to those in Example 3—1, except the following. In Example 3—1, 
20 the recessed grooves are formed by chemical etching, but in Example 3-2, 
the recessed grooves are formed by sandblasting. Now, referring to Figs. 
24(1) to 24(6), details are given below. 

(l) First, as shown in Fig. 24(l), a resist 270 is applied over the entire 
surface of the glass substrate 210, on which the driver circuits 224-226 and 
25 the liquid crystal display unit 21 are formed. 



43 



(2) Next, as shown in Fig. 24(2), portions of the resist 270 where 
recesses are to be formed in the glass substrate 210 are removed. 

(3) Next, as shown in Fig. 24(3), using the resist 270 as a mask, etching 
by sandblasting is carried out for about 2 minutes. Thereby, the portions in 

5 the glass substrate which are not covered by the resist pattern are caved in 
by blasted hard particles, and recesses having a depth of about 1500 nm 
(corresponding to recessed grooves 260-263) are formed. 

(4) Next, as shown in Fig. 24(4), a metal film 275 composed of Al is 
formed by sputtering, so as to have a thickness of 1500 nm. 

10 (5) Next, as shown in Fig. 24(5), the resist 270 is removed. Thus, 

metal wiring lines 276 corresponding to the power supply lines 251—254 are 
formed in such a state that the metal wiring lines 276 are buried in the 
recessed grooves 260-263. 

(6) Next, by a photolithography method, the insulating film 277 and 

15 contact holes 278 are formed as shown in Figs. 20 and 21, and the 
connecting electrodes 265—268 for connecting the buried metal wiring lines 
and the driver circuit are formed. Thus, an active matrix substrate 212 in 
which power supply lines 251-254 are buried is produced. 

Example 3—2 has such an advantage that, since the recessed grooves 

20 are formed by sandblasting, the etching rate is 10 or more times higher than 
that of Example 3-1, in which the recessed grooves are formed by using an 
etchant solution, which indicates that the processing speed is high. In 
terms of the precision of the processing, Example 3-1 is superior to Example 
3-2. Accordingly, the chemical etching method of Example 3—1 exhibits a 

25 high controllability of the depth of the recessed groove, and it is possible to 
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control the depth to a desirable depth. Therefore, it is desirable that when 
a reduction in the time required for the producing process is considered 
more important, a physical etching method as Example 3-2 is employed, 
whereas when a precision in the depth of the recessed grooves is considered 
5 more important, a chemical etching method as Example 3-1 is employed. 

Example 3-3 

Figs. 25 shows a schematic cross sectional view of an active matrix 
substrate of Example 3-3. The foregoing Examples 3-1 and 3-2 depict a 

10 technique in which the glass substrate is directly processed by etching or 
sandblasting. By contrast, in Example 3—3, the glass substrate 210 is not 
processed, but instead, a resin 280 is applied onto the substrate surface and 
metal wiring lines 276 are buried in the resin 280. It is noted that, 
between the driver circuit 225 and the metal wiring lines 276, which 

15 correspond to the power supply line 252, an insulating layer (not shown in 
Fig. 25) is provided, and via the connecting electrode 265 (not shown in Fig. 
25) passing through a contact hole formed in the insulating layer, the power 
supply line 252 is connected to the driver circuit 225. On the surfaces of 
the metal wiring lines 276, 276, which correspond to the power supply lines 

20 252 and 251, an insulating layer (not shown in Fig. 25) is formed, and via 
the connecting electrode 266 (not shown in Fig. 25) passing through a 
contact hole formed in the insulating layer, the power supply line 251 is 
connected to the driver circuit 225. These configurations for the power 
supply lines 252 and 251 are also provided for the power supply lines 253 

25 and 254. As a consequence, contact between the connecting electrode 266 



45 



and the power supply line 252 is prevented, and likewise, contact between 
the connecting electrode 267 and the power supply line 254 is prevented. 

This configuration of a buried wiring structure can also reduce the 
resistance values of the power supply lines 251-254, and in addition, 
5 because the resin layer 280 serves as a planarizing layer, a uniform cell gap 
can be maintained. It is noted that Examples 3-4 to 3-6, as well as the 
present Example 3-3, have a structure such that a resin layer is formed on 
a glass substrate, and in the resin layer, metal wiring lines, which form 
power supply lines, are buried. Therefore, in Examples 3-4 to 3-6 as well, 

10 the resistance values of the power supply lines are reduced, and in addition, 
a uniform cell gap can be achieved. 

Now, a producing method of the buried wiring structure is specifically 
described with reference to Fig. 13. 

(1) First, as shown in Fig. 26(l), an active matrix pattern 

15 (corresponding to the liquid crystal display unit 221) including pixel 
electrodes, and a peripheral pattern (driver circuits 224-226) are formed, 
and thereafter, a photosensitive acrylic resin 280 is applied on the entire 
surface of the glass substrate 210 by, for example, spin coating, so as to have 
a film thickness of 1500 nm. 

20 (2) Next, as shown in Fig. 26(2), by carrying out exposure and alkaline 

development, a pattern is formed so that grooves for common wiring lines 
including power supply lines are formed in the periphery of the driver 
circuit sections. The entire substrate is exposed (g, h, or i ray light source 
at 300 mJ) to bleach the photosensitive acrylic resin to make it transparent. 

25 The g, h, or i rays refer to bright line spectrums of a mercury lamp for 
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exposure each having a certain wavelength. Considering the efficiency, it is 
preferable to use i rays, which exhibits the strongest energy. 

(3) Next, as shown in Fig. 26(3), a metal layer 75 composed of Al, which 
is to be buried in the resin 280, is formed by sputtering, so as to have a 

5 thickness of 1500 £im. 

(4) Next, as shown in Fig. 26(4), the etching is removed so that the 
deposited metal layer 275 remains as a common electrode wiring pattern 
including power supply and as a pattern for connecting to the driver circuit. 
Then, the connecting electrodes 265, 266 and 268, 267 and the insulating 

10 layers relating to the connecting electrodes 265, 266 and 268, 267 are 

formed. Thus, an active matrix substrate 212 in which the power supply 

lines 251—254 are buried in the resin 280 is produced. 

According to the above-described producing process, it is unnecessary 

to etch the glass substrate 210, and therefore, precision of the processing is 
15 further improved, and controllability of the thicknesses of metal wiring lines 

formed as buried electrodes is also improved. 

Example 3-4 

Figs. 27(1) to 27(3) illustrate a producing process of an active matrix 
20 substrate of Example 3-4. In Example 3-4, the peripheral wiring pattern 
is formed by screen printing. Specific details of the producing process are 
as follows. 

(l) First, as shown in Fig. 27(l), an active matrix pattern including 
pixel electrodes (liquid crystal display unit 221) and a peripheral pattern for 
25 driving the liquid crystal panel (driver circuits 224—226) are formed on the 
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glass substrate 210, and thereafter, for a common wiring section including 
power supplies, an electrically conductive thermosetting resin is screen 
printed to form a metal layer 276A that corresponds to the power supply 
lines 252 and 254 and to the connecting electrodes 265 and 268. Next, an 
insulting layer (not shown) is formed on the metal layer 276A, and 
subsequently, a metal layer 276A that corresponds to the power supply lines 
251 and 253 and to the connecting electrodes 265 and 268. This prevents a 
portion of the metal layer 276A corresponding to the connecting electrode 

266 from making contact with a portion of the metal layer 276A 
corresponding to the power supply line 252. Likewise, this also prevents a 
portion of the metal layer 276A corresponding to the connecting electrode 

267 from making contact with a portion of the metal layer 276A 
corresponding to the power supply line 254. 

(2) Next, as shown in Fig. 27(2), after the screen printing, the 
conductive resin 276A is heated at a temperature of 150-180°C to cure the 
resin. The temperature for curing the resin should be adjusted depending 
on types of the resin. 

(3) Next, as shown in Fig. 27(3), after the wiring lines have been 
formed, an insulative resin 280 is similarly screen printed so as to be buried 
between the wiring lines, in order to planarize the surface. 

By employing a screen printing method as described above, the time 
required for forming a pattern is reduced. In addition, the costs for 
producing apparatuses are very low in comparison to a photolithography 
method, and therefore, this technique is particularly suitable for such cases 
with a long power supply line, such as an active matrix substrate for 
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large-sized liquid crystal display panels. Although not superior to a 
photolithography method in terms of the precision of the processing, this 
technique is effective for wiring patterns that do not require high precision 
such as those for power supply lines. 

The forming of a planarizing film may be carried out by a spin coating 
method, other than the screen printing. Thus ? the above-described process 
makes it possible to easily form wiring lines having a thickness of 1 |j,m or 
larger. 

Example 3-5 

Fig. 15 illustrates a producing process of an active matrix substrate of 
Example 3-5. In Example 3-5, a metal fine wire 281 is used for the 
material of the metal wiring lines, and the metal fine wire is buried. In the 
present example, the diameter of the metal fine wire is 50 jxm. 

Specific details of the producing process are as follows. 

(1) First, as shown in Fig. 28(l), an active matrix pattern including 
pixel electrodes (liquid crystal display unit 221) and a peripheral pattern for 
driving the liquid crystal panel (driver circuits 224-226) are formed on the 
glass substrate. 

(2) Next, as shown in Fig. 28(2), metal fine wires 281, corresponding to 
power supply lines, each having a diameter of 50 jim are formed in the 
peripheral portion of the glass substrate 210. 

(3) Next, as shown in Fig. 28(3), connecting electrodes 265-268 for 
connecting the metal fine wires 281 and the driver circuits 225, 226 are 
formed. Between the connecting electrode 266 and the metal wiring line 
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281 corresponding to the power supply line 252, an insulating layer is 
formed, and likewise, between the connecting electrode 268 and the metal 
wiring line 281 corresponding to the power supply line 251, an insulating 
layer is formed. 

5 (4) Next, as shown in Fig. 28(4), an insulative resin 280 is screen 

printed so as to be buried between the wiring lines, in order to planarize the 
surface. 

It is noted that in addition to a screen printing method, a spin coating 
method may be employed to form a planarizing film. 

10 In addition, as shown in Fig. 29, the power supply lines 251 and 252 

are connected to the power supply electrode pads 225a and 225b via the 
connecting electrodes 265 and 266 in such a manner as shown in Fig. 29 
that the connecting electrodes 265 and 266 are extended from the same 
positions of the power supply lines 251 and 252. 

15 Suitable materials for the metal fine wiring line 281 include Ti, Cr, and 

gold, and, when such materials are employed, further reduction in the 
resistance values is possible. 

As is described above, Example 3-5 eliminates the step of forming a 
wiring pattern by employing pre-formed metal fine wires, reducing the 

20 number of production steps. In addition, by varying the diameter of the 
metal fine wires, the resistance value of a power supply line can be 
determined. Accordingly, by selecting a metal fine wire having a 
predetermined resistance value, a desired resistance value can be obtained. 
Therefore, alterations of the resistance value are easy. Furthermore, the 

25 production cost is low. 
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Example 3-6 

Figs. 30(l) to 30(3) illustrate a production process of an active matrix 
substrate of Example 3—6. In Example 3-6, a thick film for bus lines is 
5 formed on a peripheral region of the glass substrate 210 on which an active 
matrix array is formed, using a plating process. By using a plating process, 
a layered wiring line structure including a low resistance metal can be 
formed, and as a result, further reduction in the power supply line 
resistance is achieved. It is noted that, between the driver circuits 225, 226 

10 and the portions of the copper foil layer 290 disposed to be the lowermost 
layer of the metal wiring thick film which corresponds to the power supply 
lines 252 and 254, an insulating layer in which the portions corresponding 
to the connecting electrodes 265 and 268 are incised (not shown) is 
interposed. On a gold-nickel plating layer 292, which is positioned to be 

15 the uppermost layer of the metal wiring thick film, an insulating layer (not 
shown) is formed. The insulating layer on the portions of the nickel plating 
layer 292 that correspond to the power supply lines 251 and 253 has contact 
holes formed therein, and via the contact holes, the connecting electrodes 
266 and 267 are connected to the driver circuits 225 and 226. Thus, the 

20 connecting electrodes 266 and 267 are prevented from making contact with 
the portions of the gold-nickel plating layer 292 which correspond to the 
power supply lines 252 and 254. 

Specific details of the production method are as follows. 

(l) First, as shown in Fig. 30(l), an active matrix pattern including 

25 pixel electrodes (liquid crystal display unit 221) and a peripheral pattern 
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(driver circuits 224-226) are formed on a glass substrate 210. 

(2) Next, as shown in Fig. 30(2), a copper foil layer 290, a copper 
plating layer 291, and a gold-nickel plating layer 292 are layered to form a 
metal wiring line layer 276 having a thickness of, for example, 1 jxm or more, 
serving as a common wiring line section including power supply lines. 
Specifically, using a photolithography method, a resist pattern is formed 
except on the portions where an undercoat metal is to be formed. Next, a 
copper thin film, serving as an undercoat metal, is formed. Next, by lift off, 
unnecessary portions are removed. Next, using the remaining copper thin 
film as an undercoat layer, the substrate is dipped in a plating bath of a 
solution mainly composed of copper sulfate so that copper is plated on the 
undercoat thin film in a self-alignable manner. Thus, a copper plating 
layer 291 is formed on the copper foil layer 290. Further, using a like 
plating method, a gold-nickel plating layer 292 is formed on the copper 
plating layer 291. 

(3) Next, after the connecting electrodes 266 and 267 (not shown), an 
insulating layer (not shown), and so forth have been formed, as shown in Fig. 
30(3), an insulative resin 280 is screen printed between the wiring lines to 
planarize the surface. 

Suitable materials for the plating include, other than the examples 
mentioned above, nickel plating, chromium plating, and aluminum plating. 
The plating of alloys thereof is also possible. 

In the present example, by employing a plating method, it is possible to 
form metal wiring lines on an undercoat metal film in a self-alignable 
manner. In addition, for the metal to be formed on the undercoat metal 



52 



film in a selfalignable manner, it is possible to employ a low resistance 
metal such as gold, copper, or the like, and by selecting an appropriate 
undercoat metal, low resistance and high precision in the metal wiring lines 
can be achieved. 

Supplementary Remarks for Examples 3-1 to 3-6 

(1) In Examples 3-1 to 3-6 above, the buried wiring structure is 
employed for the power supply lines, but the present invention is not limited 
thereto, and the buried wiring structure is applicable to other bus lines, 
such as data lines and clock lines for shift registers, in which signal delay 
caused by wiring line resistance is a problem. 

(2) In Examples 3-1 to 3-4 above, the metal wiring layer may be 
formed in the following manner; a conductive layer composed of a thin film 
is formed beforehand, and on the conductive layer, metal wiring lines are 
formed by selective depositing. By doing so, metal wiring lines can be 
formed in a self-alignable manner as in the cases of the foregoing plating 
method, and it is possible to form low-resistance metal wiring lines by 
selecting a metal to be deposited. In the case of a selective depositing 
method, the process is carried out in a cleaner environment than in the case 
of a plating method. Therefore, impurities do not mix in the metal wiring 
lines, and the precision of the resistance value of the metal wiring lines is 
improved. 

(3) The present embodiment describes a liquid crystal display device as 
an example, but the present invention is similarly applicable to a display 
device having a light emission type matrix panel, such as plasma discharge 
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panels (PDP) and electro-luminescent (EL) displays. 

INDUSTRIAL APPLICABILITY 
As has been described above, the present invention can sufficiently 
5 accomplish the objects of the invention. Specifically, the following are 
achieved. 

(l) A resin substrate having a bus line is provided in a peripheral 
portion of an array substrate, and the bus line is connected to an 
individually wired line array, which is connected to a driver circuit, via a via 

10 hole in the resin substrate. This achieves the formation of a low resistance 
bus wiring line. In addition, a connecting terminal, which can be connected 
to an external circuit, is provided at a part of the bus line, which achieves a 
reduction in the sizes and thicknesses of the flexible wiring board or the 
printed wiring board. 

15 (2) In addition to the above advantages, a multi-layer wiring 

line -equipped section for a bus line is provided on a thin film wiring region 
including a driver circuit section composed of polycrystalline silicon thin 
film transistors by printing, and thereby, the bus line can be easily formed 
at desired regions. 

20 (3) The bus lines for driver circuits have a buried wiring structure, and 

thereby wiring line resistance of power supply lines for applying power 
supply voltage to the driver circuits are easily reduced. Therefore, a 
shoot-through current in the semiconductor elements in the driver circuits 
and a voltage drop caused by wiring line resistance of the power supply lines 

25 are minimized, which ensures a reliable operation of the device. 
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Accordingly; a remarkable size reduction of the integrated driver circuit 
section is possible, and a driver circuit-integrated type liquid crystal display 
device having a narrow frame is realized. 
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What is claimed is- 

1. A display device comprising an active matrix substrate having a 
driver circuit section composed of a plurality of polycrystalline silicon thin 
film transistors, a counter substrate, a liquid crystal filled between the 
active matrix substrate and the counter substrate, and an 
individually-wired line array for supplying electric power or a signal such as 
a clock signal and a data signal to a plurality of circuit elements comprised 
in the driver circuit section, wherein the individually-wired line array is 
extended to a peripheral portion of the active matrix substrate, the display 
device characterized in that- 

the peripheral portion of the active matrix substrate has an insulator 
having a via hole and a multi-layer bus line-equipped section having a bus 
line formed on the insulator, the bus line is connected to the 
individually-wired line array via the via hole, and the bus line has a 
connecting terminal for connecting the display device to an external circuit. 

2. A display device according to claim 1, wherein the insulator is a 
pre-formed resin substrate having a bus line formed on a surface thereof 
and a via hole formed in the interior thereof, and the resin substrate is 
bonded to the peripheral portion of the active matrix substrate to form the 
multi-layer bus line-equipped section. 

3. A display device according to claim 2, wherein the resin substrate is 
composed of aramid-epoxy resin. 
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4. A display device according to claim 2, wherein an electrically 
conductive paste is filled in the via hole. 

5. A display device according to claim 2, wherein the resin substrate 
has a multi-layer structure having a plurality of layers in which a bus line is 
provided on a surface of an inner layer thereof as well as on a surface of the 
uppermost layer thereof, and the bus lines are selectively connected to each 
other via a via hole formed in each of the layers to form a three-dimensional 
wiring structure. 

6. A display device according to claim 4, wherein the electrically 
conductive paste partially protrudes from a lower opening of the via hole, 
and the active matrix substrate and the resin substrate are bonded together 
with the protruding portion of the electrically conductive paste. 

7. A display device according to claim 5, wherein an electrically 
conductive paste is filled in the via hole; the electrically conductive paste 
protrudes from a lower opening of the via hole; and the electrically 
conductive paste partially protrudes from a lower opening of the via hole, 
and the active matrix substrate and the resin substrate are bonded together 
with the protruding portion of the electrically conductive paste. 

8. A display device according to claim 2, wherein the resin substrate 
and the active matrix substrate are bonded with an adhesive composed of a 
material having thermoplastic property. 
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9. A display device according to claim 2, wherein the resin substrate 
and the active matrix substrate are bonded with an adhesive composed of an 
anisotropic conductive resin or a silver paste. 

10. A display device according to claim 2, wherein the resin substrate is 
a film substrate, and is detachably bonded to the active matrix substrate. 

11. A display device according to claim 10 ? wherein the film substrate is 
made of a resin comprising polyimide or epoxy. 

12. A display device according to claim 2 y wherein a semiconductor chip 
comprised in the external circuit is mounted on the resin substrate and is 
connected to the bus line. 

13. A display device according to claim 12, wherein the semiconductor 
chip is buried in the via hole. 

14. A display device according to claim 1, wherein the bus line in the 
multi-layer bus line-equipped section is a thick film formed by printing. 

15. A display device according to claim 14, wherein the insulator in the 
multi-layer bus line-equipped section is a thick film formed by printing. 

16. A display device comprising an active matrix substrate having a 
driver circuit section composed of a plurality of polycrystalline silicon thin 
film transistors, a counter substrate, a liquid crystal filled between the 
active matrix substrate and the counter substrate, and an 
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individually-wired line array for supplying electric power or a signal such as 
a clock signal and a data signal to a plurality of circuit elements comprised 
in the driver circuit section, wherein the individually -wired line array is 
extended to a peripheral portion of the active matrix substrate, the display 
device characterized in that: 

the active matrix substrate has a recessed groove formed in the 
peripheral portion; and 

a bus line to be connected to the individually-wired line array is buried 
in the groove. 

17. A display device comprising an active matrix substrate having a 
driver circuit section composed of a plurality of poly crystalline silicon thin 
film transistors, a counter substrate, a liquid crystal filled between the 
active matrix substrate and the counter substrate, and an 
individually-wired line array for supplying electric power or a signal such as 
a clock signal and a data signal to a plurality of circuit elements comprised 
in the driver circuit section, wherein the individually-wired line array is 
extended to a peripheral portion of the active matrix substrate, the display 
device characterized in that: 

the active matrix substrate has an organic resin layer in the peripheral 
portion thereof, and a bus line to be connected to the individually -wired line 
array is buried in the organic resin layer. 



18. A display device according to claim 17, wherein the organic resin is 
composed of a photosensitive resin; the organic resin has a via hole formed 
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by photolithography; and the bus line is electrically connected to the 
individually -wired line array via a connecting electrode filled in the via hole. 

19. A display device according to claim 18, wherein the bus line is an 
electrically conductive thermosetting resin formed by screen printing. 

20. A display device according to claim 16, wherein the bus line is a 
pre-formed metal fine wire. 

21. A display device according to claim 17, wherein the bus line is a 
pre-formed metal fine wire. 

22. A display device according to claim 16, wherein the bus line is 
produced by plating. 

23. A display device according to claim 17, wherein the bus line is 
produced by plating. 

24. A display device according to claim 22, wherein the bus line 
produced by plating forms a layered structure comprising a copper foil layer, 
a copper plating layer, and a gold-nickel plating layer. 

25. A display device according to claim 23, wherein the bus line 
produced by plating forms a layered structure comprising a copper foil layer, 
a copper plating layer, and a gold-nickel plating layer. 

26. A display device according to claim 16, wherein the bus line is 
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formed by selective depositing in which a thin, electrically conductive layer 
is formed in advance and a plurality of different metal layers are selectively 
deposited on the electrically conductive layer. 

27. A display device according to claim 17, wherein the bus line is 
formed by selective depositing in which a thin, electrically conductive layer 
is formed in advance and a plurality of different metal layers are selectively 
deposited on the electrically conductive layer. 

28. A display device according to claim 1, wherein, in place of the liquid 
crystal, a rare gas is filled between the substrates, and the rare gas 
undergoes a plasma discharge to perform a display operation. 

29. A method of producing a display device comprising the steps of 
preparing a film substrate having a bus line on a surface thereof and a via 
hole in the interior thereof, bonding the film substrate to a peripheral 
portion of an active matrix substrate, and electrically connecting the bus 
line to a driver circuit section comprising a plurality of polycrystalline 
silicon thin film transistors via a via hole, wherein?" 

the bonding of the film substrate and the active matrix substrate 
comprises semi-curing an adhesive, carrying out an alignment compensation 
of the film substrate and the active matrix substrate subsequent to the 
semi-curing, and curing the adhesive to secure the film substrate and the 
active matrix substrate. 

30. A method of producing a display device according to claim 29, 



61 



wherein a temperature in the curing is in the range of from 120°C to 150°C. 

31. A method of producing a display device comprising an active matrix 
substrate having a driver circuit section composed of a plurality of 
polycrystalline silicon thin film transistors, a counter substrate, a liquid 
crystal filled between the active matrix substrate and the counter substrate, 
and an individually-wired line array for supplying electric power or a signal 
such as a clock signal and a data signal to a plurality of circuit elements 
comprised in the driver circuit section, wherein the individually-wired line 
array is extended to a peripheral portion of the active matrix substrate, said 
method comprising: 

forming an insulator in the peripheral portion of the active matrix 
substrate, forming a via hole in the insulator, and forming a bus line by 
printing. 

32. A method of producing a display device according to claim 31, 
wherein the via hole is formed by laser irradiation. 

33. A method of producing a display device, comprising: 

forming a driver circuit section using a polycrystalline silicon thin film 
transistor,' 

forming an insulating film on a thin film wiring region including the 
driver circuit section,* 

forming a via hole by etching a prescribed portion of the insulating film 
by photolithography so that a prescribed portion of a wiring electrode of the 
driver circuit section is exposed; 
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printing a prescribed pattern on the insulating film with an electrically 
conductive ink; and 

electrically connecting the pattern to the wiring electrode of the driver 
circuit section via the via hole. 

34. A method of producing a display device, comprising-* 

forming a driver circuit section using a polycrystalline silicon thin film 
transistor" 

printing an insulating film for forming a via hole in a prescribed 
position in a thin film wiring region including the driver circuit section such 
that a portion of the thin film wiring electrode is exposed; 

printing a prescribed pattern using an electrically conductive ink; and 
electrically connecting the pattern with the wiring electrode of the 
driver circuit section via the via hole. 

35. A method of producing a display device, comprising' 

forming a driver circuit section using a polycrystalline silicon thin film 
transistor! 

forming a planarizing film over a pixel region and a thin film wiring 
line region including the driver circuit section by applying a transparent 
insulating film; 

providing a via hole at a plurality of a prescribed position in the thin 
film wiring line region and the pixel region by a photolithography and an 
etching process; 

patterning a transparent conductive film on a prescribed position of the 
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planarizing film; and 

printing a wiring line for supplying electric power to the driver circuit 
over the planarizing film including the transparent conductive film. 

36. A method of producing a display device, comprising: 

forming, on an active matrix substrate, a liquid crystal display unit 
and a driver circuit section for driving the liquid crystal display unit, the 
liquid crystal display unit having a matrix array composed of thin film 
transistors?* 

forming a resist layer on the active matrix substrate; 

removing a portion of the resist layer where a recessed groove is to be 
formed by exposing and developing the resist layer; 

forming a recessed groove by etching so as to recess a portion of the 
active matrix substrate where the portion of the resist layer has been 
removed; 

forming a metal wiring line in the recessed groove; and 
subsequent to the forming a metal wiring line, detaching the resist 
layer from the insulating substrate. 

37. A method of producing a display device according to claim 36, 
wherein the etching is chemical etching using an etchant solution. 

38. A method of producing a display device according to claim 36, 
wherein the etching is sandblasting. 
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ABSTRACT 

A driver circuit -integrated type active matrix substrate 212 has, on a 
glass substrate 210, a liquid crystal display unit 221 including a matrix 
array composed of thin film transistors, and driver circuits 224-226 for 
5 driving the liquid crystal display unit. A peripheral portion of the glass 
substrate 210 has recessed grooves 260-263 formed therein, and power 
supply lines 251—254 for supplying power to the driver circuits 225 and 226 
are buried in the recessed grooves. Such a configuration reduces the 
resistance of bus wiring lines such as the power supply lines for the driver 
10 circuits and data lines, without increasing an area of the peripheral portion. 
The driver circuit-integrated type active matrix substrate reduces an 
amount of voltage drop in power supply voltage, ensuring reliable operation 
of the driver circuits. 
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